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were regarded as stroke with AF. There was no discrimination among paroxysmal, persistent, or permanent AF. Extensive evaluation was performed for stroke mechanism in our registry: 95.8% for head and neck MR angiography, 90.3% for TTE, 54.1% for TEE, and 86.7% for Holter monitoring. In case one of the work ups was missed in determining stroke subtype, the subject was regarded as incomplete study and was excluded. The patients with high-risk sources of cardioembolism other than AF were also excluded because of the probable influence on LVDD: mechanical prosthetic valve, mitral stenosis, sick sinus syndrome, recent myocardiac infarction, atrial myxoma, dilated cardiomyopathy, akinetic left ventricular segment, and infective endocarditis. 12 Stroke without AF refers to stroke with relevant (>50% arterial stenosis in intracranial or extranial vessel referable to the infarct) large artery atherosclerosis or lacunar infarct (<1.5 cm sized; Figure) . The study design was approved by the Soonchunhyang Institutional Review Board before investigation.
Echocardiographic Data
The Philips iE33 (Philips Medical Systems, Bothell, WA) with 5-MHz transducers were used for M-mode and doppler TTE in all patients. TTE was perfomed by 2 cardiologists (H.M.S. and P.B.W.), who were blinded to information of the study purpose and the patient's stroke subtypes. TTE parameters consisted of M-mode-based parasternal long-axis LA diameter, LV end-systolic/end-diastolic dimensions, LV septal/posterior wall thickness during diastolic phase, LV ejection fraction, and LV fractional shortening. LAE was defined as LA diameter >44 mm. 13 Doppler mitral valve inflow was obtained by pulsed wave from the apical window, with a 1-to 3-mm sample volume placed between the tips of the mitral leaflets during diastole. Mitral peak E velocity and peak A velocity, deceleration time (DT) of mitral early velocity, and E/A ratio were measured from the transmitral flow tracing. Early diastolic mitral peak E′ velocity was estimated by tissue Doppler imaging measurements at the mitral annulus. The ratio of transmitral early LV filling velocity to early diastolic tissue Doppler imaging velocity of the mitral annulus (E/e′) was calculated.
Diagnosis and Grading of LVDD
The transmitral Doppler flow profiles and tissue Doppler profiles were used for the assessment of LVDD. 14, 15 The grading outline was normal, abnormal relaxation, pseudonormal, and restrictive LV filling pattern. Grade of LVDD was determined by different parameters according to the presence of atrial contraction.
Normal LV filling was defined by the presence of mitral e′≥10 cm/s, E/A of 0.8 to 1.5, and DT of 160 to 200 ms. A mild form of LVDD (grade I: abnormal relaxation) was mitral e′<10 cm/s and E/A ratio ≤0.8 or DT>200 ms. With more severe LVDD (grade II: pseudonormal), e′<10 cm/s and E/e′ is 9 to 12, whereas E/A ratio (0.8-1.5) and DT (160-200 ms) were within normal range. 15 In a patient with the most severe form of LVDD (grade III: restrictive LV filling) occurs with E/e′>13 cm/s and E/A ratio ≥1.5 or DT<160 ms. 14, 16 However, because peak A velocity is unmeasurable because of no atrial contraction, E/A ratio could not be applied in patients with persistent AF. However, E′, DT, and E/e′ ratio, which were independent of atrial effect, were correlated with filling pressure and were used as valuation basis of LVDD. 17, 18 Normal LV filling was defined by the presence of e′≥10 cm/s. In patient with mild LVDD (grade I), annular E′ is <10 cm/s, E/e′ ratio is ≤8, or DT is >240 ms. In a more severe LVDD (grade II), E′ is <10 cm/s, E/e′ ratio is 9 to 12, and DT is 160 to 200 ms. With the most severe LVDD (grade III), E′ is <10 cm/s, E/e′ ratio is >12, or DT is <160 ms. 15, 16 As majority of studies suggested that the patients with LVDD, especially grade III, 9 indicate high risk of incident AF, we categorized the patients with severe LVDD as grade III.
Lesion Pattern of CS on DWI
DWI was performed using a 1.5-T magnetic resonance system with 7-mm-thick axial-oblique slices. The lesion pattern of CS was classified into 2 subgroups (cardioembolism-mimic or non-cardioembolism-mimic). Cardioembolism-mimic suggested a cardioembolic infarction (1) corticosubcortical territorial lesion or (2) multiple lesions, which were defined as multiple noncontiguous lesions in the vascular territories of both anterior and posterior circulations. 19, 20 DWI lesion patterns were determined by 2 readers (S.J.Y. and L.J.G.; κ=0.87) who were blinded to clinical data, and a third reader's (L.K.B.) interpretation was adopted in cases of disagreement.
Statistical Analysis
Categorical variables are reported as frequencies, and continuous variables as mean±SD. One-way ANOVA was used to compare baseline clinical and echocardiographic parameters, and 2 set of χ 2 test to analyze LVDD distribution between CS and stroke with or with AF. χ 2 test was also used to analyze association of stroke subtypes with severe LVDD or LAE, and the lesion pattern among 3 groups. To determine LVDD as an independent predictor of stroke with AF, multivariable logistic regression was applied adjusting covariates of major clinical risk factors and echocardiographic variables. The level 
Results

Study Patients and Baseline Characteristics
Among 1901 patients with acute ischemic stroke or transient ischemic attack, 312 patients were excluded: no acute lesion on DWI (n=97), other high cardioembolic sources (n=41), and no TTE (n=174) Among stroke without AF or lacunes or relevant artery stenosis, 84 patients who had not undergone one of the work ups were excluded (incomplete study). After classification of stroke subtype, 97 of 407 (21.4%) in stroke with AF, 72 of 1041 (6.9%) in stroke with AF, and 2 of 57 (3.5%) in CS were additionally excluded because of insufficient TTE data for grading LVDD. Finally, a total 310 TTE data of stroke with AF, 969 TTE data of stroke without AF, and 55 TTE data of CS were analyzed (Figure) .
The baseline characteristics and TTE data of the study population are summarized in Table 1 . The mean age was 58.05±14.71 years in CS. Stroke with AF had more hypertension (70.2%; P<0.001) and diabetes mellitus (42.1%; P=0.006) than other groups. There was no significant difference in sex and the time from onset of symptom to TTE examination among 3 groups.
Distribution of LVDD and LAE
Distribution of LVDD in each stroke subtype is demonstrated in Table 2 . When severe LVDD was defined as grade III, stroke with AF had more severe LVDD than stroke without AF (37.1% versus 13.4%; P<0.001). The proportion of severe LVDD in CS was not different from that of stroke with AF (27.3% versus 37.1%; P=0.104), but was significantly higher than that of stroke without AF (27.3% versus 13.4%; P=0.007; Table 2 ).
LAE was predominantly detected in stroke with AF (38.4%; P<0.001), whereas the frequency was not different between CS and stroke without AF (7.7% versus 7.8%; P=0.974).
Lesion Patterns of Infarct and Severe LVDD in CS
Among 55 DWI lesion patterns in CS, 29 was cardioembolism-mimic (17 corticosubcortical territorial lesion, 12 multiple lesions in the territories of both anterior and posterior circulations), and 26 was non-cardioembolism-mimic. The proportion of severe LVDD in cardioembolism-mimic was significantly higher than that of non-cardioembolism-mimic (41.4% versus 11.5%; P=0.013).
Factors Associated With Stroke and AF
Multivariable logistic regression analysis was performed adjusting age, sex, hypertension, diabetes mellitus, smoking, hyperlipidemia, LAE, and patent foramne ovale. Values in Table 3 are odds ratios and 95% confidence intervals. LVDD of grade II (odds ratio, 4.37; 95% confidence interval, 2.99-6.41) and grade III (odds ratio, 5.60; 95% confidence interval, 3.42-9.17) were significantly associated with stroke with AF independent of covariates. 
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Discussion
The reasons of undetermined causes in CS are that the cause is transitory or reversible; investigations did not look for all possible causes, or some causes truly remain unknown. 1 Among them, transitory or reversible properties might be undetected paroxysmal cardioembolic sources. There have been some evidences indicating that cardioembolic causes are a contributor to CS. Cardioembolism is the most probable cause of CS studied by gene expression profiles. 21 In analysis of DWI patterns, large subcortical territorial lesions suggests cardioembolism and represents similar percentages between cardioembolic stroke and CS. 20 Among the probable causes of cardioembolism, undetected paroxysmal AF was proposed as the most common cause of CS. 7, [22] [23] [24] Prolonged holter monitoring, 22 21-day outpatient cardiac telemetry 24 and insertable cardiac monitor implantation 23 was used to detect paroxysmal AF. However, these investigations are not always available, and the detection rate of AF is weakly increased considering the time and effort involved. Therefore, we need to find the contributing and preceding factors of AF, which are consistent and unaffected by timing of investigation. It is noteworthy that LVDD is well established as a risk factor for incident AF. 9, 13, [25] [26] [27] [28] Many clinicians had assumed that LVDD is a physiological mechanism for how certain risk factors, such as hypertension, contribute to the development of AF. 13 AF may be related to the increased incidence of LVDD-related coexisting pathological changes in the myocardium and atrial tissue. 25 Previous studies that described the association with severe LVDD and increased risk of incident AF in populations without structural heart disease suggest that increased filling pressures may represent important mechanisms of the development of AF. 9, 28 However, there has been little evidence that LVDD is related to acute stroke with AF. In this study, LVDD of grade II and III was associated with stroke with AF after adjusting multiple vascular risk factors, LAE, and patent foramne ovale.
In this first study to compare the prevalence of LVDD between CS and other stroke subtypes, we found that severe LVDD in CS and stroke with AF was significantly higher than that in stroke without AF. Furthermore, the comparison of severe LVDD between 2 subgroups of CS based on DWI lesion patterns provided the significant association between cardioembolism-mimic lesions and severe LVDD. This observation suggests that more CS, especially those with LVDD, might have undetected AF. This result could be a need for further cardiac monitoring to detect AF as a source of cerebral embolism and could encourage anticoagulation in CS with LVDD. Two-year rate of recurrent stroke or death was lower in patients with CS receiving warfarin than those receiving antiplatelet therapy. 29 The importance of LAE has also been described as a risk factor for incident AF. 30, 31 LAE is associated with structural and functional atrial tissue changes that develop the propagation of AF. 32 One consistent observation with progressive LVDD has demonstrated that LAE occurs concurrently. 33 However, in our study, LAE was less frequent in CS than that in stroke with AF in spite of similar fraction of severe LVDD between the 2. Because LA diameter regarded as a biomarker of chronicity of LVDD, 34 our result may be because of much shorter periods of LVDD morbidity in relatively young patients with CS. Meanwhile, LVDD was a predictor of stroke with AF independent of LAE.
This study has some limitations. First, because the clinical data were obtained by retrospective chart review, biases of selection (eg, exclusion of disproportionately high number of insufficient TTE data in stroke with AF), misclassification, or information are possible. Second, study design was single center based, and the number of subjects with CS was relatively small. The reason why the proportion of CS was much lower than that documented in previous studies 1, 3 is that more extensive evaluation for stroke mechanism in our registry and exclusion of many undetermined cause with incomplete study. Actually, previous studies have made no distinction between cryptogenic stroke and incomplete study and led to somewhat higher prevalence of cryptogenic stroke. 1, 2, 35 Our study was aimed to reveal the echocardiographic characteristics of true cryptogenic stroke because incomplete study could not represent CS and was liable to include more noncardioembolic stroke. Finally, we were unable to incorporate many recent tools for measuring LVDD, including strain rate and strain analysis, and LA volume index, which were not available in our echocardiographic data.
In conclusion, we have found that the frequency of severe LVDD in CS was similar to those in stroke with AF but different from that in stroke without AF. And, the cardioembolism-mimic lesion pattern of CS was significantly associated with severe LVDD, which was independently related to stroke with AF. This result suggests that more CS might result from undetected AF, and LVDD could be helpful to discriminate the stroke mechanism in the patients with acute CS. This warrant a further prospective study to establish the implication of LVDD in acute CS for predicting mechanism. 
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